Rous sarcoma virus (RSV) (1) has been widely used for studies on viral carcinogenesis as a prototype of avian sarcoma viruses. The gene responsible for cell transformation by RSV is known as src; it codes for a phosphoprotein of about 60,000 daltons called pp6osrc (2, 3). src appears to be the transforming gene of another avian sarcoma virus, B.77 (4, 5), which was isolated by Thurzo et al. in 1962 (6). Fujinami and Inamoto (7) also obtained a similar sarcomagenic virus from a transplantable myxosarcoma in chicken. The tumor cells produced by Fujinami sarcoma virus (FSV) were shown to readily produce sarcomas in ducklings (8-11) before such a heterotransplantation was successful with RSV-induced tumors. However, FSV has been used in only a limited number of studies on cell transformation of cultured chicken and duck cells (11, 12) , and essentially no studies have been made on the nature of this virus.
Rous sarcoma virus (RSV) (1) has been widely used for studies on viral carcinogenesis as a prototype of avian sarcoma viruses. The gene responsible for cell transformation by RSV is known as src; it codes for a phosphoprotein of about 60,000 daltons called pp6osrc (2, 3) . src appears to be the transforming gene of another avian sarcoma virus, B.77 (4, 5) , which was isolated by Thurzo et al. in 1962 (6) . Fujinami and Inamoto (7) also obtained a similar sarcomagenic virus from a transplantable myxosarcoma in chicken. The tumor cells produced by Fujinami sarcoma virus (FSV) were shown to readily produce sarcomas in ducklings (8) (9) (10) (11) before such a heterotransplantation was successful with RSV-induced tumors. However, FSV has been used in only a limited number of studies on cell transformation of cultured chicken and duck cells (11, 12) , and essentially no studies have been made on the nature of this virus.
We report in this paper that one stock of FSV is profoundly different from RSV in its genomic structure despite its pathogenic similarity. The most striking feature of FSV is the absence of the src gene, which had previously been found in all other avian sarcoma viruses. Instead, the virus appears to contain a probable transforming gene linked to the structural protein gene known as gag, a feature that is more common to avian acute leukemia viruses or mammalian sarcoma-leukemia viruses.
MATERIALS AND METHODS Cells and Viruses. Both chicken embryo fibroblasts and hatched chickens were obtained from group-specific antigennegative eggs supplied from SPAFAS (Norwich, CT). FSV was obtained from V. Smidova, Cancer Research Institute, B3ratis-lava, Czechoslovakia, as a lyophilized extract of duck tumors (11) . The avian sarcoma-leukosis viruses used were Bryan high-titer strain, Schmidt-Ruppin strain (subgroups A, B, and D) and Prague strain of RSV (subgroup C), avian sarcoma virus B77 (subgroup C), Rous-associated virus-i (RAV-1), RAV-2, RAV-7, RAV-50, and RAV-61 (5, 13) .
RNA Analysis. Preparation of radiolabeled viral RNAs, NaDodSO4/polyacrylamide gel electrophoresis, RNase T1 fingerprinting, and oligonucleotide mapping have been described (14, 15) . Elution of RNA from polyacrylamide gels followed the published procedures (16) . Preparation of genespecific complementary DNA (cDNA) and conditions for hybridization have been described (17) . Analysis of Viral Proteins in Infected Cells. The detection of pp6Oc and viral structural proteins by immunoprecipitation followed published procedures (18, 19) . The specific antisera used for these analyses have also been described (18, 19) . Both uncloned and cloned FSV (plus helper virus) quantitatively produced sarcomas in chickens. Inoculation in the wing webs of 2-week-old chickens with FSV(FAV) and FSV(RAV-1) derived from NP cultures (clones C8 and C14) produced sarcomas at the site of injection in 5-10 days. The latent period for tumor development was inversely proportional to the dose of virus: in 7 days with 102-103 FFU and in 10 days with 1-10 FFU per site. FFU and sgrcoma-forming units of FSV were essentially identical. Histologically, the tumors were fibrosarcomas. Tumors generally grew progressively and killed the animals. Intravenous injection of 1-day-old chickens was also made, to see whether FSV can cause acute type leukemia. However, all chickens developed sarcomas at the proximal site of injection due to leakage of the inoculum. Thus far we have not detected any sign of leukemia. Injection of chickens with more than 106 infectious units of FAV or RAV-1 did not produce any sarcoma. Analysis of FSV RNA. Because FSV virions were not produced from NP cells, a mixture of FSV and a helper virus was used for analysis of viral RNA. Because the original FSV stock contained a large excess of helper virus, five NP clones superinfected with RAV-1 were labeled with radioactive precursors, and RNA was extracted from the labeled virus. As shown in Fig.  1 , the mixture of FSV(RAV-1) and RAV-1 appears to contain two RNA components: one comigrating with marker RAV-2 RNA and another migrating slightly slower than 28S ribosomal RNA in gel electrophoresis. The labeled viral RNAs were also separated into 35S and 28S components by sucrose-gradient sedimentation (Fig. 1C) RNA. of RAV-1 alone gave a single peak coinciding with that of RAV-2 in gel electrophoresis (not shown). As shown in Fig. 1B , RNA of FAV migrated slightly faster, but very close to that of RAV-2. Therefore, the 28S component must be the genome of FSV and the molecular weight was estimated to be about 1.70 X 106 or 5300 nucleotides on the basis of its mobility in the gels (Fig. ID) (Fig. 2D ) was identical to the pattern of RAV-1 (Fig. 2E) used as a helper. Fig. 2A shows the results obtained with 28S component of one clone (C14) of FSV. As expected from its size, 28S FSV RNA gave fewer RNase Ti-resistant oligonucleotides when compared to helper viral RNAs (Fig. 2  E and F) . None of the oligonucleotides in 28S FSV RNA were identical to those identified as src specific with various strains of RSV and B77 (5) . To map these oligonucleotides on the viral RNA, poly(A)-containing fragments of FSV RNA were fingerprinted ( Fig. 2 B and C) . From these data, a tentative oligonucleotide map was constructed for 28S FSV RNA (Fig. 3) . Fingerprints 3 ). Some common spots (see Fig. 3 ) could be recovered from the 4-12S poly(A)-tagged RNA fragments of FSV and FAV RNAs (Fig. 2 B and G) and therefore were mapped within 600-800 nucleotides from the 3' poly(A) end of each genome RNA. Other common oligonucleotides (Fig. 3) (Fig. 4) as well as the gag and env gene products. The pp6Osrc proteins 3 73 Hybridization was carried out to a Crt value (c of nucleotides X incubation time) of 2 mol-sec-I viral RNA concentration. The FSV + RAV-1 mi and RAV-1 RNAs at a molar ratio of approximal by gel analysis. cDNAenv was prepared from I cDNA. This probe hybridizes >90%o with subgrc a maximum of approximately 70%Yo with RNA fi (25) .
RESULTS
displayed the strain-specific mobility diffei gag-related bands, such as Pr76, Pr66, anc tectable when TBR serum was preabsorb disrupted virus. These gag products, but nc tectable in extracts of cells transformed by clone C14 of FSV(RAV-1) (Fig. 4) .
To further characterize the proteins pre formed cells, labeled cell extracts were pr tisera specific for viral structural proteins. Fi from one producer clone and one nonprodu enriched for reactivity against p19, p27, an the gag-related proteins, P180, Pr76, p27, I reverse transcriptase precipitated only P1 precipitated gPr96, gp85, and gp37. None specific proteins 'were seen in nonprodu( consistent with the biological and biochemi above indicating the absence of functional go products. However, a new protein of 140,( was seen in both nonproducer and produ protein is related to gag, because it is precil for gag-related proteins and evidently is a tein. (26, 27 (16, 19, 28, 29) , and various mammalian sarcoma and leukemia 3R serum (18) . The viruses (30) (31) (32) (1980) cannot completely rule out other pathogenicities of FSV in addition to the sarcoma formation.
Whereas FSV obtained from Czechoslovakia was shown to contain a transforming gene different from the sarc gene of RSV, our previous studies (5) with a stock of Fujinami virus obtained from a different source (from B. Wolf, The Rockefeller Univ., who in turn received a seed virus from H. Temin, Univ. of Wisconsin) indicated it was similar to the defective Bryan RSV in its biological and biochemical properties and in its transforming gene, as also shown by other investigators (4). We have recently learned that P. Duesberg and his associates, using a stock obtained from H. Temin, have independently obtained essentially the same results as those reported here for the Czechoslovakia stock (33) . Further work is necessary to clarify the reason for the discrepancy in results obtained with the previous FSV stock (4, 5) . However, the fact that the two stocks of Fujinami virus obtained from different sources (Czech stock in our laboratory and American stock in Duesberg's laboratory) have similar genetic structure strongly suggests that the unique sequences of FSV were indeed present in the virus isolated by Fujinami and Inamoto 70 years ago.
